Proton NMR analysis to identify the chemical compositions of PGS-SA and PGS-TA
The actual contents of succinate and tyramine in PGS-SA and PGS-TA prepolymers are quantified by proton NMR spectroscopy (Fig. S1) . The integral area ratio of Hi+j to Hd is used to determine the actual succinate in PGS-SA (Fig S1A) . Similarly, the actual contents of tyramine in PGS-TA15 and PGS-TA25 are calculated according to the integral area ratio of Hn+o to Hd ( Fig. 
S1B and C).
The detailed calculations are shown in equations (1), (2) and (3). 
Where x + y = 1. The actual succinate content in PGS-SA is determined to be 13 mol%. Da referring to the PEG standards. It appears that tyramine molecules not only reacted with the immobilized succinate in PGS-SA, but some polyesters were also broken down into short chains, likely due to aminolysis of the ester bonds with tyramine. C for 8 h. Reduction of curing time increased the cyclic loading number from 1 to 595 cycles for the PGS control and 16 to more than 1000 cycles for PGS-TA25 elastomers (We stopped the cyclic loading test at 1000 cycles without breaking the sample.). The tyramine functionalities significantly enhanced the capability to tolerate elastic deformations compared to PGS alone.
Mechanical properties test
Please note that here we demonstrated one representative of the original stress-strain curve for each sample. We replicated at least three times for the cyclic loading tests for each PGS control, PGS-TA15 and PGS-TA25 elastomer, respectively. The average cyclic numbers are obtained to present in the main text in Fig. 4A . Because our mechanical test instrumentation (MTS Insight TM instrument, MTS Systems Corp., MN, USA) is not suitable for testing this type of soft elastomer, so the original curves are fluctuating (Fig. S4A, B) . Therefore, we processed the original data by averaging 21 data points to obtain the relatively smooth curves for use.
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Fig. S5
Examples of the original stress-strain curves from tensile tests of PGS control, PGS-TA15
and PGS-TA25 elastomers. Each sample was replicated more than 4 times for tensile tests and one representative stress-strain curve for each sample is shown here.
The original data points are fluctuating using our MTS instrument, so each stress-strain curve was processed by averaging 13 data points to obtain a relatively smooth curve to work out strain at fracture, ultimate tensile strength (UTS) and Young's modulus (E). We could not merge all replicates of the stress-strain curves in one figure using microsoft excel, so we list the strain at fracture, UTS and E from each stress-strain curve in Table S1 for reference. The results show that the absorption intensity of the hydroxyl groups is nearly identical before and after the thermal crosslinking, indicating that most hydroxyl groups remain intact after the thermal crosslinking. These free secondary hydroxyl groups and phenolic hydroxyl groups form physical interactions and contribute to the elasticity of the crosslinked PGS and PGS-TA elastomers.
